In 2010 the American Heart Association proposed a definition of ideal health behaviors and health factors to measure cardiovascular health, from which Huffman et al. created the Cardiovascular Health Score (CVH score) to estimate these metrics on an individual level. We performed a prospective cohort study among employees of the Kailuan Group Corporation, who underwent a physical examination in 2006-2007 to investigate the relationship between the CVH score and the risk of cardiovascular disease (CVD). A total of 91,598 individuals free of stroke and myocardial infarction at baseline were included in the final analysis. We calculated baseline CVH score for each metric (poor=0, intermediate=1, ideal=2 points; range=0-14 points for all seven metrics) and categorized them into three groups: inadequate (0-4 points), average (5-9 points), and optimum (10-14 points). Incidence of total number of CVD events, myocardial infarction, and stroke was analyzed among these three groups and each incremental point on the CVH score. During an average 6.81 years of follow-up, there were 3276 CVD events, 2579 strokes and 747 myocardial infarction occurred. After adjusting for several confounding factors, each better health category of the CVH score was associated with reduced odds of 47% for all CVD events, and each point higher on the CVH score was associated with reduced odds of 18%. Similar trends were detected in the risks for myocardial infarction and stroke. A higher CVH score is therefore a protective factor for CVD, myocardial infarction, and stroke.
Introduction
Cardiovascular disease (CVD) is the leading cause of death and disability worldwide, and is a huge drain on public health expenditure [1, 2] . To achieve the goal of reducing CVD mortality by 20% and improving cardiovascular health by 20% by the year 2020, in 2010 the American Heart Association (AHA) proposed a definition of ideal cardiovascular health behaviors and health factors [3] . This model contains seven metrics-four health behaviors (smoking, diet, physical activity, and body weight) and three health factors (plasma glucose, cholesterol, and blood pressure)-which are used to categorize the population as being in "poor," "intermediate," and "ideal" cardiovascular health. To estimate cardiovascular health status on an individual level, Huffman et al. created the AHA Cardiovascular Health Score (CVH score), which includes all seven cardiovascular health behaviors and factors (poor, 0 points; intermediate, 1 point; ideal, 2 points; for a total score ranging from 0 to 14 points) [4] .
Several previous studies have indicated that with increasing numbers of ideal cardiovascular health metrics, the incidence of CVD, stroke, myocardial infarction, and all-cause mortality has decreased gradually [5] [6] [7] [8] [9] [10] . A recent study found that with increasing CVH score, the incidence of stroke decreased [11] . However, individuals with the same numbers of ideal metrics probably have other metrics in different categories. In fact, in comparison with persons with more "poor" metrics, those with more "intermediate" metrics tend to have divergent levels of cardiovascular health. Thus, merely estimating the number of ideal metrics might fail to account for intermediate and poor status. By comparison, the CVH score gives fuller consideration to the intermediate and poor categories and estimates more meticulously the health status of individuals. However, to date, the relationship between CVH score and the risk of CVD has not been reported. Therefore, we investigated the relationship between CVH score and the risk of CVD events, myocardial infarction, and stroke in the population of the Kailuan study (Clinical Trial Registration identifier ChiCTR-TNC-11001489).
Subjects and Methods
Written informed consent was obtained from all participants. The Ethics Committee of the Kailuan General Hospital and Beijing Chaoyang Hospital approved the study.
Study Participants
The Kailuan study is a prospective cohort study focusing on the Kailuan community in Tangshan, a large modern city in northern China, where 11 hospitals are responsible for the health care of the community, all of which participated in conducting physical examinations. A total of four physical examinations were performed during 2006-2007, 2008-2009, 2010-2011, and 2012-2013 , respectively, and 101,510 workers participated in these examinations (81,110 men and 20,400 women), including both in-service and retired workers.
Inclusion and Exclusion Criteria
Subjects were included if they were 18 years old, participated in physical examination during 2006-2007, and provided informed consent for the present study. Exclusion criteria were as follows: history of stroke, history of myocardial infarction, incomplete information from the seven cardiovascular health metrics and women were pregnant and lactating at the time when measurements were conducted (described below).
All of the relevant measurements were performed by trained researchers in strict accordance with the standards of measurement. A corrected RGZ-120 scale was used to measure height and weight. Individuals to be measured were required to be thinly clothed, with shoes and hats removed. Height measurements were accurate to 0.1 cm and weight to 0.1 kg. BMI was calculated as body weight divided by height squared (kg/m 2 ). Heart rate was recorded by 12-lead electrocardiogram (ECG). The RR interval was regarded as resting heart rate.
Blood pressure measurement. Blood pressure (BP) was measured on the left arm using a mercury sphygmomanometer with a cuff of appropriate size following the standard recommended procedures. Individuals were required to stop smoking and stop drinking tea or coffee for more than 30 min, then to sit and rest for 15 min. Three BP readings were taken at 5-min intervals, with the average used for data analysis. If the three measurements differed from each other by >5 mmHg, additional readings were performed, and the average of these readings was regarded as the final BP value.
Biochemical measurements. Measurements included fasting blood glucose (FBG), triglyceride (TG), total cholesterol (TC), high-density lipoprotein cholesterol, low-density lipoprotein cholesterol, uric acid, and high-sensitivity C-reactive protein (CRP). Blood samples (5 mL) from the antecubital vein were collected between 7:00 am and 9:00 am after an overnight fast. All biochemical variables were measured using an automatic analyzer (Hitachi 7600).
Follow-up and identification of events. CVD events included myocardial infarction and stroke. Each participant could contribute only one end point. If two or more events occurred, the first one was regarded as the end point of observation. Participants were followed up every 2 years. The follow-up began with the physical examination between June 2006 and October 2007 and continued through December 31, 2013 or until the occurrence of cardiovascular events (i.e., myocardial infarction and stroke), the date of death, or loss to follow-up. Information on outcomes was further confirmed by checking discharge summaries from the 11 hospitals and medical records from medical insurance companies. For those participants without face-to-face follow-up, the outcomes information was obtained directly by checking death certificates from provincial vital statistics offices, discharge summaries, and medical records. All events were identified and recorded by trained researchers and doctors every 6 months.
Diagnostic criteria. Diagnostic criteria for myocardial infarction were based on chest pain symptoms, ECG changes, and myocardial necrosis biomarkers. Stroke was categorized into three main types: brain infarction, cerebral hemorrhage, and subarachnoid hemorrhage. Diagnostic criteria for stroke were based on computed tomography or magnetic resonance imaging [13] .
Definitions of Cardiovascular Health Metrics
According to the cardiovascular health behaviors and health factors proposed by the AHA [3] and the CVH score devised by Huffman et al [4] . seven behaviors and factors were classified into three levels (poor = 0 points; intermediate = 1 point; ideal = 2 points; total score: 0-14 points). Participants were further categorized into three cardiovascular health groups: inadequate (0-4 points), average (5-9 points), and optimum (10-14 points). Detailed definitions of "poor," "intermediate," and "ideal" levels for all seven metrics are given below.
Health behaviors. Health behaviors were categorized as follows. Statistical Methods SPSS 13.0 software (SPSS, Chicago, IL, USA) was used for statistical analysis. Normally distributed continuous variables were recorded as mean ± SD, and skewness distributed data were converted by logarithmic transformation. Continuous variables were compared using analysis of variance. Categorical variables were described as percentages and compared by the chisquare test. The incidence density of cardiovascular events was recorded as per 1,000 personyears. Cox proportional hazards models were used to analyze the hazard ratio and 95% confidence interval (CI) of the incidence of total CVD events, myocardial infarction, and stroke in different categories (inadequate, average, and optimum) and per point incrementally on the CVH score. Mode 1 was a single-factor analysis model; mode 2 was adjusted for age, gender, alcohol consumption, income, education and history of cardiovascular disease on the basis of mode 1; and mode 3 was further adjusted for heart rate, blood uric acid, and high-sensitivity CRP on the basis of mode 2. A value of P<0.05 (bilateral) was regarded as statistically significant. In addition, to estimate each cardiovascular health metric when accounting for the associations between CVH score and CVD incidence, we omitted each metric one at a time and reanalyzed these associations.
Results
A total of 101,510 workers participated in the 2006-2007 physical examination, from whom 9,812 were excluded: 1,113 with history of stroke, 2,353 with history of myocardial infarction, 203 with history of both stroke and myocardial infarction, 6,143 lacking information regarding the seven metrics and 100 women were pregnant and lactating at the time when measurements were conducted. A total of 91,598 participants (90.24%) were included in the observation cohort. Details are shown in Fig 1. 
Baseline Characteristics of Different Groups
The baseline characteristics of participants are shown in Table 1 . Of 91,598 participants, 72,826 were male and 18,772 female. The average age was 51.55 ± 12.36years (range 18-98), and the average CVH score was 8.64 ± 2.00 points. The number of participants categorized into the three cardiovascular health groups according to CVH score was 2,355 in the inadequate group (0-4 points, 2.57% of 91,598 participants), 56,720 in the average group (5-9 points, 61.92%), and 32,523 in the optimum group (10-14 points, 35.51%). A better health category of CVH score was associated with a higher proportion of young people, higher education level, and higher proportion of nondrinkers (P<0.05). Conversely, male proportion, heart rate, SBP, DBP, BMI, FBG, TC, high-sensitivity CRP, uric acid, hypertension, diabetes, history of cardiovascular diease and lower income were negatively associated with a better health category of CVH score (P<0.05).
Incidence of Cardiovascular Events in Different Groups
The incidence of cardiovascular events in different groups is shown in Table 2 . A total of 3,276 CVD events occurred during an average of 6.81 years of follow-up. The incidence of cardiovascular events in the three groups was 10.47, 6.39, and 2.93 per 1000 person-years. A Cox proportional hazards model was performed with cardiovascular events as dependent variable and the three CVH groups as independent variable (with the inadequate group as reference). Using model 1, compared with the inadequate group the hazard ratio (95% CI) of cardiovascular events for the average and optimum groups were 0.61 (0.52-0.71) and 0.28 (0.24-0.33), respectively. Using model 2, adjusted for age, gender, alcohol consumption, income, education and history of cardiovascular disease on the basis of model 1, the corresponding values were 0.52 (0.45-0.62) and 0.26 (0.22-0.32); and using model 3, further adjusted for heart rate, blood uric acid, and high-sensitivity CRP on the basis of model 2, these values were 0.56 (0.48-0.66) and 0.29 (0.24-0.35). Each better health category of CVH score was associated with reduced odds of 47%. Each point higher on the CVH score was associated with reduced odds of 18%. These results indicated that a higher CVH score was negatively associated with incidence of CVD events (P for trend <0.01).
Incidence of Stroke in Different Groups
The incidence of stroke in different groups is shown in Table 3 . A total of 2,579 strokes occurred during follow-up. The incidence of stroke in the three groups was 8.11, 5.01, and 2.30 per 1000 person-years, respectively ( Table 2 ). The hazard ratios (95% CI) of stroke for the average and optimum groups, respectively, in comparison with the inadequate group were: Each better health category of CVH score was associated with reduced odds of 46%, and each point higher on the CVH score was associated with reduced odds of 18%. The results indicated that a higher CVH score correlated negatively with incidence of stroke (P for trend <0.01).
Incidence of Myocardial Infarction in Different Groups
The incidence of myocardial infarction in the groups is shown in Table 3 . A total of 747 myocardial infarctions occurred during follow-up. The incidence of myocardial infarction in the three groups was 2.42, 1.44, and 0.65 per 1000 person-years, respectively ( Table 2 health category of CVH score was associated with reduced odds of 49% for myocardial infarction, and each point higher on the CVH score was associated with reduced odds of 20%. The results indicated that a higher CVH score was negatively related to the incidence of myocardial infarction (P for trend <0.01).
Re-Analysis after Each Metric Was Omitted
To estimate each cardiovascular health metric while accounting for the association between CVH score and CVD incidence, we omitted each metric one at a time and re-analyzed these associations. The residual metrics maintained a significant association with CVD incidence (P<0.05). The results of this re-analysis are shown in Table 4 .
Discussion
CVD has long been regarded as the main threat to public health worldwide [1, 2] . Utilizing the scoring system (CVH score) devised by Huffman et al [4] , extrapolated from the AHA 2010 definition of ideal cardiovascular health [3] , we investigated the possible relationship between CVH score and CVD incidence. Our results showed that a higher CVH score is related to a decrease in CVD incidence. Each better health category of CVH score was associated with reduced odds of 47% for CVD events, 46% for stroke, and 49% for myocardial infarction. Each point higher on the CVH score was associated with reduced odds of 18% for CVD events, 18% for stroke, and 20% for myocardial infarction. These data are consistent with those of a previous study by Kulshreshtha et al., who followed 22,194 subjects for 4.9 years and found that each better health category of the CVH score was associated with a 25% lower risk of stroke, while a 1-point higher score potentially led to an 8% lower risk of stroke [11] . Also in line with our findings, Xanthakis et al. detected that CVD incidence was inversely associated with CVH score in age-and sex-adjusted models, while each point higher on the CVH score was associated with reduced odds of 16% for cardiovascular events [15] . To the best of our knowledge, several previous studies merely adjusted for age and gender and failed to adjust for other potential risk factors such as heart rate, blood uric acid, and high-sensitivity CRP. However, evidence has proved that the aforementioned factors are independent risk factors for CVD events [16] [17] [18] [19] [20] [21] [22] . Furthermore, the present study gives full consideration to the "intermediate" and "poor" health levels of individuals, and further Since the mechanisms underlying this favorable inverse association between CVH score and CVD risk remain unclear, we omitted each metric one at a time and re-analyzed these associations to investigate the effect of each metric. The results indicated that each of the seven metrics is indispensable and is capable of mediating the inverse relationship between CVH score and CVD incidence. Among the seven metrics, BP contributed most to total CVD incidence and stroke, followed by FBG. For myocardial infarction, blood lipids contributed most, with smoking second in rank. Apart from the seven metrics, the mechanisms underlying this association relate to other comprehensive effects. Xanthakis et al. investigated 2,680 participants in the Framingham Offspring Study, and reported that an inverse association between CVH score and CVD incidence was partly attributable to favorable impacts on CVD biomarker levels (such as high-sensitivity CRP) and subclinical diseases [15] . In the present study, we detected a similar trend whereby high-sensitivity CRP, heart rate, and uric acid levels decreased gradually in parallel with the increase in CVH score. Furthermore, the hazard ratios further decreased after adjustment for heart rate, blood uric acid, and high-sensitivity CRP, underlining that the inverse association between CVH score and CVD incidence might partly be due to favorable impacts on these measures. However, the exact mechanisms warrant further exploration.
The AHA proposed the goal of reducing the CVD burden by 20% and increasing cardiovascular health by 20% by the year 2020, but achieving this fig seems to be fairly challenging. At present, the global prevalence of ideal cardiovascular health factors and behaviors is far from satisfactory. Studies in Western countries have found that a mere 0-3.3% of the population met all seven ideal metrics and 4.4-12.2% met five to seven metrics [5] [6] [7] 10, [23] [24] [25] . In China, an even worse prevalence of ideal metrics was detected. Wu et al. evaluated 1,012,418 urban residents aged 20-65 years and found that only 0.6% of males and 2.6% of females met all seven ideal health metrics, with 39.1% meeting five to seven metrics [26] . Our previous investigation based on the same cohort (i.e., the Kailuan cohort) also suggested a low prevalence of ideal health metrics. Only 0.6% of subjects met all seven metrics and 9.1% met five to seven metrics [8] . Huffman et al. predicted only a 6% relative improvement in cardiovascular health from 2006 to 2020 in North America if the current trend remains unchanged, a fig far short of the AHA goal of reducing the CVD burden by 20% [4] . The situation regarding cardiovascular health status in China is also unsatisfactory. Our current findings that each better health category of the CVH score was associated with reduced odds of 47% for total CVD events and each point higher on the CVH scale correlated with reduced odds of 18% suggest that a populationwide small improvement in cardiovascular health might have a dramatic impact on reducing the disease burden. Therefore, we should attach more importance to primary prevention when promoting improvement in the cardiovascular health of the population.
There are some limitations to our study. First, this research is based on individual residents in a single community, which might not amply represent the wider population. Second, we were unable to remove the probability of underestimating the incidence of CVD because some subjects never go to hospital for treatment even though they may already be ill. Third, we were also unable to remove the effect of improved cardiovascular health metrics during follow-up. Fourth, we assigned the same weight to the seven metrics in statistical analysis, which may have simplified and underestimated the actual association between CVH score and CVD. Last, we did not document detailed information on daily salt intake.
Conclusions
Our results give full consideration to the "intermediate" and "poor" status of cardiovascular health metrics, and further demonstrate that a higher CVH score is a protective factor for CVD. Each point higher on the CVH score potentially results in a substantial reduction in CVD risk. Therefore, maintaining an adequate cardiovascular health status among the population is appropriate and desirable in the public health domain.
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